This study examines the effects of the synthetic atrial peptides (atriopeptin I, II, and III) on aldosterone and corticosterone production by rat adrenal cell suspensions. Furthermore, we studied the effect of atriopeptin II infusion on the plasma aldosterone response to angiotensin II in the rat in vivo. Atriopeptin I, II, and III decreased aldosterone release from zona glomerulosa cells in a dose-dependent fashion. 10 pM atriopeptin II inhibited basal aldosterone release significantly (P < 0.01), and 10 nM atriopeptin II or III lowered it by 79%. Atriopeptin II decreased the sensitivity of the glomerulosa cells to adrenocorticotropic hormone (ACTH) and angiotensin II. Atriopeptin II had no effect on basal or ACTH-stimulated corticosterone release by fasciculata-medullary cells.
Introduction
Recently, a number of peptides with potent natriuretic, diuretic (1) (2) (3) (4) (5) (6) (7) , and vasorelaxant activities (8) (9) (10) have been isolated from mammalian atria. Mammalian atrial cardiocytes contain specific granules which morphologically resemble those found in peptidesecreting cells (I 1). These granules are probably storage sites of the atrial natriuretic peptide (12, 13). Atrial natriuretic factor induces natriuresis and diuresis by a direct action on the kidney (4) . Earlier studies ofthe regulation ofaldosterone secretion suggested the presence of an inhibitor ofaldosterone secretion. Anderson et al. ( 14) showed that stretching the right atrium of the dog decreased aldosterone secretion, and in 1964, Gann and Travis ( 15) presented evidence supporting the possibility of an inhibitor of aldosterone secretion.
In a recent report we showed that crude atrial extracts caused a significant dose-dependent inhibition ofaldosterone production in a glomerulosa cell preparation from rat adrenals. Furthermore, we showed that a 1:500 dilution of the atrial extract decreased the sensitivity of the glomerulosa cells to adrenocorticotropic hormone (ACTH)' and angiotensin II (AII). The aldosteroneinhibiting activity ofthe atrial extract was abolished by treatment with trypsin, suggesting that the active factor was a peptide ( 16 (22) . The natural processing products for the natriuretic factor are not known. More recently we reported that synthetic atriopeptin I is one of the aldosterone-inhibiting factors contained in atrial extract (23) . Atriopeptin I inhibited basal aldosterone production and decreased the sensitivity of the glomerulosa cells to ACTH and angiotensin II (23) . The effect of atriopeptin I was similar to that of the crude atrial extract (23) .
In the present study we examined the effect of synthetic atriopeptin I, II, and III on aldosterone and corticosterone production by rat adrenal cell suspensions in vitro, and the effects ofatriopeptin II on the aldosterone dose-response curve to ACtH and angiotensin II. Moreover, we investigated the effect ofatriopeptin II infusion on the plasma aldosterone-elicited response to angiotensin II infusions in vivo.
Methods
Materials. Synthetic atriopeptin I, II, and III were purchased from Peninsula Laboratories (Belmont, CA). It is described as being 98% pure by thin-layer chromatography and high performance liquid chromatography and as having a marked natriuretic effect when 1 nM is assayed in rats. In vitro experiments. Female Sprague-Dawley rats (-180-230 g) maintained on a regular sodium diet (Wayne Lab-Blox; Allied Mills, Chicago, IL) were used in each experiment. The rats were killed by decapitation and the adrenal glands were removed and separated into capsular and decapsular portions as previously described (24) . Each portion was incubated with 2 mg/ml collagenase in Medium 199 for 30 min at 370C under 95% 02 and 5% Co2. Medium 199 containing 2 mg/ml BSA was added to the collagenase-treated tissues, and they were dispersed by repeated aspiration using a pipette. The cell suspensions were filtered through gauze into 50-ml polyethylene centrifugation tubes and pelleted by centrifugation at 100 g for 15 min at 4VC. The cell pellets were resuspended in fresh Medium 199 containing 2 mg/ml BSA. In this capsular cell suspension, contamination with zona fasciculata cells is 7.1±0.9% (mean±SE).
The collagenase-dispersed capsular (mainly zona glomerulosa) and decapsular cells (fasciculata-meduilary) (average cell counts, 60,000/tube) were incubated in duplicate in 1 ml of Medium 199 containing 2 mg/ ml BSA with various amounts of atriopeptin I, II, or III (1 pM to 10 nM) for 2 h at 370C under 95% 02 and 5% CO2. To examine the effects of atriopeptin II on the aldosterone dose-response curves to ACTH and angiotensin II, the glomerulosa cells were incubated with various amounts ofACTH and angiotensin 11(10 pM to 1 gM) in the presence and absence of 10 nM atriopeptin II. To study the effect of atriopeptin II on corticosterone production, the fasciculata cells were incubated with different concentrations ofACTH (10 pM to 10 nM) in the presence and absence of atriopeptin II (10 nM).
In vivo experiments. Female Sprague-Dawley rats (-200 g) maintained on a normal sodium diet were used. Polyethylene catheters (PE 50) were implanted into the right common carotid artery and the internal jugular vein under pentobarbital anesthesia (35 mg/kg i.p.) 48 h before the experiment. All catheters were led subcutaneously to the back of the neck and exteriorized. The catheters were flushed with isotonic saline and filled with heparinized saline to keep their patency. 2 h before the experiment the rats were given dexamethasone phosphate (1.0 mg/kg DecadronO) intraperitoneally. 2 h after dexamethasone administration 0.6 ml blood was taken from the carotid catheter, and blood loss was replaced with the same volume of isotonic saline. Subsequently, angiotensin II (0.2 nM/kg per min) was infused continuously through the jugular catheter with and without atriopeptin II (10 nM/kg by bolus followed by either 1 nM/kg per min [four rats] or 2 nM/kg per min [four rats]) for 30 min. These peptides were infused in a volume of 9.6 Id isotonic saline/min using a compact infusion pump (model 975; Harvard Apparatus Co., Inc. S. Natick, MA). 3 ml of blood was taken from the carotid artery after 30 min of infusion.
Plasma aldosterone was measured before and after infusion. Plasma renin activity (PRA), corticosterone, potassium, and hematocrit were determined after infusion.
Aldosterone and corticosterone in the incubation media were measured by highly specific radioimmunoassay as previously described (25) (26) 10 nM ACTH + Ap I = 74.7±4.0 (n = 3) = 2% inhibition. Aldosterone response to I nM All = 32.6±3.9 vs. 1 nM All + Ap I = 21±3.5 (n = 2) = 36% inhibition.
In Fig. 4 the results of the effect of atriopeptin II on the stimulation of corticosterone release by fasciculata cells are shown. Atriopeptin II (10 nM) had no effect on basal or ACTHstimulated corticosterone from 10 pM to 10 nM ACTH.
In vivo experiments. 105±9.6 ng/dl) (P < 0.001).
In Table I the results from one experiment with four rats in each group in which multiple variables were measured at the end ofthe infusions are shown. Although atriopeptin II markedly inhibited the aldosterone response to angiotensin II, there was no effect on serum potassium, PRA, and ACTH (as reflected in corticosterone plasma levels). These results suggest a direct inhibition at the adrenal gland. To be more certain of the effect on PRA, a comparison of PRA in seven additional rats in each group was made. PRA values were not significantly different between the angiotensin II-and the angiotensin II plus atriopeptin Il-infused groups (5.72±1.54 vs. 7.29±1.74 ng AI/ml per h (mean±SE), n = 11 in each group).
The hematocrit rose markedly in the atriopeptin-treated rats, possibly as a result of the profound diuresis. 
Discussion
Although much has been learned regarding the factors that stimulate aldosterone production, such as the renin-angiotensin system, ACTH, and potassium, little is known about factors that might inhibit aldosterone release. Several in vivo studies in animals suggested the presence of an inhibiting system that altered aldosterone secretion. However, identification of the factor(s) responsible for the inhibition of aldosterone secretion has not been accomplished (14, 15) . Dopamine has been shown to cause a tonic inhibition of aldosterone secretion (27, 28), but whether dopamine's effect is exerted at the adrenal level or is centrally mediated is still controversial. Atrial natriuretic factor has been shown to induce natriuresis and diuresis by a direct effect on the kidney (4). Our previous report was the first publication to show that a factor contained in crude atrial extracts was a potent inhibitor of aldosterone production (16) . Subsequently, we showed that atriopeptin I was one of the factors responsible for the inhibition of aldosterone production (23) . Since then, other laboratories have confirmed our reports (29) (30) (31) (32) . In the present communication we demonstrated that the synthetic peptides, atriopeptin I, II, and III, are powerful inhibitors of aldosterone production. Atriopeptin II significantly inhibits aldosterone production by rat glomerulosa cells in vitro at 10-pM concentrations or higher. Atriopeptin II and III appear to be equally potent whereas atriopeptin I is slightly less potent. Moreover, atriopeptin II decreased the sensitivity of the glomerulosa cells to ACTH and angiotensin II.
However, concentrations of 10 nM ACTH or greater appeared to overcome the inhibitory effects of atriopeptin II, suggesting a possible competitive interaction. In contrast, high concentrations of angiotensin II did not overcome the inhibitory effect of atriopeptin II. This difference in aldosterone dose-response curve to ACTH or angiotensin II was also observed when either atriopeptin I or crude atrial extracts were used as the inhibitor (16, 23 ).
It appears, therefore, that the atrial peptides have different mechanisms of inhibition ofthe adrenal response to ACTH and angiotensin II.
Atriopeptin II infusions caused a marked inhibition of the aldosterone response to angiotensin II in vivo without a significant change in plasma renin activity or serum potassium levels and in spite ofsignificant contraction ofthe intravascular volume as indicated by the increased hematocrit. These data suggest that atriopeptins are the aldosterone-inhibiting factors present in crude atrial extracts. In addition to the direct natriuretic effect on the kidney, probably due to an increase in glomerular filtration rate, atriopeptins may affect sodium balance by inhibiting aldosterone production. The mechanism by which atriopeptins inhibit aldosterone production is not known.
In conclusion, the atriopeptins have powerful inhibitory actions on aldosterone production in vitro and in vivo. Whether these peptides are physiological inhibitors of aldosterone secretion remains to be determined.
